The topology of repeated sequences in mouse plasmocytoma DNA was studied by high-resolution CsCl density gradient centrifugation and heterogeneous nuclear RNA DNA hybridization. Satellite region DNA of plasmocytoma cells contains additional components and hybridizes specifically with entire heterogeneous nuclear RNA molecules. A linkage is demonstrated between the A+T-rich satellite sequences and those hybridizing with heterogeneous nuclear RNA. Heavy DNA also hybridizes specifically with heterogeneous nuclear RNA molecules that show sequence similarity to heterogeneous nuclear RNA hybridized to satellite DNA. These results could suggest that part of satellite DNA became heavier after integration of some other DNA species, which could belong to a virus or to immunoglobulin repetitive genes. Dispersed, highly repetitive, short nucleotide sequences could constitute recognition sites for such a process.
The discovery of repeated sequences in eukaryotic DNA raised the problem of their possible function. The two possibilities that have been considered are either a role in regulation or their occurrence in structural genes (1, 2) . Studies of heterogeneous nuclear RNA (HnRNA) -DNA hybridization could provide some general information on the organization and possible function of repeated DNA. HnRNA contains rapidly hybridizing sequences (3) (4) (5) . Hybridization experiments with DNA from fractionated chromosomes have shown an homology between HnRNA sequences that hybridize rapidly to the DNA of different sets of chromosomes. These rapidly hybridizing sequences represent a part of HnRNA (15-20% ) not yet exactly estimated (4) .
DNA repeated sequences occur in families with a broad range of repetition frequency, similarity, and length (1) . One of these families, the most reiterated one, is present in all chromosomes in the centromeric region (6) . In some species (e.g., mice) these families of sequences can be separated on the basis of nucleotide composition by centrifugation to equilibrium in CsCl or Ag+-Cs2SO4 (7) (8) (9) (10) . They appear as a discrete band (satellite), distinct from the main-band DNA. Although some controversy exists on this point (11, 12) , it is generally accepted that this kind of DNA is not normally transcribed into RNA molecules (11) and may play some role in chromosome structure and folding (13) (14) (15) . The present experiments provide some more information on the distribution of repeated sequences that are complementary to HnRNA and their topological relationship to nontranscribed repetitions in mouse plasmocytoma DNA.
MATERIALS AND METHODS
Cells. The MPC-11 plasma cell tumor (adapted to culture) provided by Dr. M. D. Scharf was maintained in BALB/c mice by subcutaneous transplantations. Cells released by shaking tumor fragments (16) were used to prepare DNA and rapidly labeled RNA. Cell cultures were also used for labeling experiments.
Fractionation Procedures. HnRNA greater than 45 S was prepared as described (17, 4) by labeling plasmocytoma cells in culture (2 X 107 cells per ml) for 90 min with 0.5 mCi/ml of [3H]uridine. The specific activity of HnRNA was about 50 to 75 X 104 cpm/Mgg. High-molecular-weight DNA (3 to 4 X 107) was prepared from nuclei that had been cleaned by detergent (4) . A combination of the method of Flamm et al. and a "density gradient multispeed method" (18, 19) The buoyant density profile of the DNA is depicted in Fig.  la , and shows two shoulders in its light part or "satellite region." If fractions from the light portion of the initial gradients (indicated by arrows in Fig. la ) are collected and recycled in new CsCl density gradients under the same centrifugation conditions, resolution of these components is increased (Fig. lb) . In this experiment, labeled X DNA was used as a density marker (density, 1.709 g/ml), and the respective positions of individual fractions relative to the marker are represented in the same figure. Fractions 1, 2, and 3 actually band at different densities, and "satellite-region" DNA is resolved into more than one component with slightly different buoyant densities, from 1.690 to 1.695 g/ml. This pattern of satellite-region DNA, to my knowledge, has not been reported, either with preparative or analytical gradients (10, 11, 18 hr) the rapidly hybridizing sequences of these molecules hybridizes predominantly (4). size classes of the native satellite DNA region. Large-molecular-weight satellite-region DNA hybridizes HnRNA as previously found (Fig. 2a) . Nevertheless, after reduction of DNA size (Fig. 2b) , a shift in the density of A+T-rich DNA sequences is found (shown by absorbance analysis and DNA-DNA hybridization). This shift is not followed by the radioactivity of HnRNA-DNA hybrids. This experiment suggests that repeated sequences richer in G+C that hybridize to HnRNA are linked to A+T-rich stretches in satellite-region DNA, and this must be in relation to the additional components found in that DNA region, since A+T-rich stretches of satellite DNA are not normally transcribed (11) .
Since HnRNA has been found to contain sequences that hybridize to repeated DNA, hybridization studies with this material are difficult to interpret. A series of experiments was performed in order to better understand hybridization to DNA fractions of different G+C content. fractions was studied in an initial experiment. When RNA is hybridized to a great excess of DNA, the rate of hybrid formation, expressed as the fraction of the initial input RNA that has been hybridized, should only be dependent upon the frequency of homologous binding sites in DNA. Neither the concentration nor the specific activity of the RNA should influence the measurement. We have used the term "specific hybridization rate" to describe this measurement (4) . The data in Fig. 3 show that the specific hybridization rate of HnRNA is approximately the same for the three DNA fractions tested.
This result indicated a similarity in hybridizing sequences with respect to the repetition frequency. Satellite-region DNA hybridizes perhaps at a slower rate to HnRNA than does mainband DNA, but this could be due to the fact that the largest part of this DNA (highly reiterated A+T-rich sequences of satellite) does not hybridize to HnRNA (11).
(ii) The degree of homology between the sequences of HnRNA that hybridize to satellite-region and main-band DNA fractions was investigated in the cross-hybridization experiment described in Table 2 Nonhybridized HnRNA molecules show (Fig. 4 ) a broad profile of sizes, with a mean value of about 28 S; very few molecules are found in the region smaller than 18 S. Eluted hybrids from all DNA fractions show two interesting features. (a) There is a rather homogeneous size distribution of sequences found in the region of 5-4 S that is common to the hybrids recovered from all these DNA fractions. (b) In addition, RNA of 18-28 S is recovered from hybrids formed with DNA derived from the satellite DNA region and to a lesser extent from the heavy DNA region. We describe such hybridization as site-specific for the entire HnRNA molecule.
The results of these hybridization experiments show that: (1) On the basis of size redundancy and sequence similarity, repeated sequences of HnRNA represent a small and rather homogeneous fraction of the large HnRNA molecules. The occurrence of such sequences in a broad spectrum of DNA molecules with a different G+C content could be explained if we taken into account the large size of DNA relative to the size of the RNA hybrid. Under such conditions, a small homogeneous sequence could be present in DNA molecules with a different average buoyant density. (2) Specificity of hybridization in satellite DNA region and heavy DNA must be related to the appearance of an additional component in satellite region shown from first and second CsCl gradients of plasmocytoma cell DNA and might also be related to the erossreaction between these molecules and those hybridized to heavy DNA. Presence of A +T-Rich Satellite-Like Sequences in MainBand DNA. Recycled main-band DNA (fractions 4 and 5) was used to perform the same type of experiment as for satellite-region DNA. Fig. 5 (22) . Dispersion of these molecules could be due to DNA transfers by the mechanism of reverse transcriptase, as is postulated for oncogenic RNA viruses. This could be particularly interesting for cancer cells where such viruses cannot be isolated.
Coexistence of the two possibilities, i and ii, cannot be excluded, some of the molecules being bound to DNA in the proper place and so hybridized throughout their length and some not. This is explained in Fig. 6 The present experiments indicate that additional components exist in these cells in satellite region. We do not know whether this is a general feature of mouse DNA that has never been found before (10, 11, 18) , or whether it is specific for BALB/c mouse DNA (26) or plasmocytoma cell DNA. If we take into account that satellite DNA is not normally transcribed, hybridization of HnRNA in that region could be due to the presence of these components of very close buoyant densities. However, it is difficult, in the light of information from the present experiments, to understand the exact topological relationship of the repeated sequences'in the satellite region of these cells. This will only become possible after purification of the components of that region. It could be that the additional component is independent of satellite DNA. However, the linkage we have demonstrated in the satellite region between A+T-rich sequences, which are not apparently transcribed, and the sequences hybridizing HnRNA could suggest that this component constitutes 'part of the satellite that became heavier after integration of some other DNA species. The presence of specific hybridization in heavy and satellite region DNA and the crossreaction between Hn-RNA sequences hybridized in these two DNA regions are consistent with this explanation. Dispersed, highly repetitive, short nucleotide sequences (see Fig. 6 ) could constitute recognition sites for such translocation processes.
Many recent reports relate satellites to oncogenic virus infection (27) (28) (29) . Hybridization studies with RNA from antibody-producing cells show changes in the percentage of hybridization to satellite-region DNA during the immune response (30) . However, the relation of DNA' in these components with virus or immunoglobulin specific genes deserves further experimentation.
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